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A B S T R A C T
Acute aortic syndrome is a relatively recent clinical entity. Non-invasive imaging methods, such as
computed tomography and transesophageal echocardiography, have contributed signiﬁcantly to the
diagnosis of variant forms of classic aortic dissection, which have become important disease entities in
acute aortic syndrome. Imaging ﬁndings may result in risk stratiﬁcation and application of different
treatment options, providing a rational approach to achieve a better outcome of this syndrome. This
review will focus on the imaging characteristics of two important variant forms of classic aortic
dissection, intramural hematoma and incomplete dissection, and the role of imaging methods in the
evaluation of differences in the hemodynamic status of false lumens that contributes to patient
prognosis.
 2014 Published by Elsevier Ltd on behalf of Japanese College of Cardiology.Contents
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The successful clinical introduction of various non-invasive
imaging modalities has contributed to the establishment of ‘acute
aortic syndrome’, a relatively recent clinical syndrome incorporat-
ing several disease entities with similar clinical features (at the
time of clinical presentation) [1]. Aortic dissection (AD) with* Correspondence to: Cardiac Imaging Center, Asan Medical Center Heart
Institute, University of Ulsan College of Medicine, 388-1 Poongnap-dong
Songpa-gu, Seoul 138-736, South Korea. Fax: +82 2 486 5918.
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http://dx.doi.org/10.1016/j.jjcc.2014.05.005
0914-5087/ 2014 Published by Elsevier Ltd on behalf of Japanese College of Cardiolointimal ﬂap and two aortic channels (true and false lumens) is
the most important disease entity in acute aortic syndrome. The
clinical characteristics of AD have been established, with
standardized treatment strategies depending on the affected site
of the aorta. For the past several decades, variant forms of classic
AD, including aortic intramural hematoma (IMH) and incomplete
dissection have been increasingly diagnosed in routine clinical
practice worldwide, and imaging ﬁndings characteristic of these
variant forms have been established for their differential diagnosis.
As imaging ﬁndings, rather than clinical features, are critical for
the differential diagnosis of acute aortic syndrome [1–4], careful
interpretation of imaging results is necessary for accurate
diagnosis and better clinical decision making, thus improvinggy.
[(Fig._1)TD$FIG]
Fig. 1. Representative computed tomography and transesophageal echocardiography images of classic aortic dissection (A–C) and intramural hematoma (D–F).
Reproduced from Ref. [2] with permission.
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form of classic AD and has been the source of intense controversy
regarding its pathogenesis and optimal treatment options. Clinical
reports regarding outcomes of patients with IMH from different
centers have shown conﬂicting results, and risk stratiﬁcation based
on imaging ﬁndings remains a challenging clinical issue.
Aortic intramural hematoma
Issues regarding characteristic imaging ﬁndings
Classic AD is characterized by ﬂow communication through a
demonstrable primary intimal tear creating a ‘‘double channel
aorta’’ with a true and a false lumen. In IMH, a variant form of AD,
blood is believed to accumulate within the aortic wall in the
absence of initial intimal disruption. As demonstrable intimal tear
[(Fig._2)TD$FIG]Fig. 2. Representative computed tomography (CT) images showing characteristic ‘high atte
(A), high attenuation areas along the aortic wall (yellow arrow) represent intramural hema
medium (B) and disappearedwithin 2weeks after symptomonset (C andD). Attenuation b
thickening, as this phenomenon occurs in a patient with intramural hematoma (E and F)resulting in ﬂow communication from the true lumen is absent
in IMH, conventional aortography has failed to diagnose this
potentially fatal disease entity [5]. The successful clinical
introduction of various non-invasive imaging modalities to assess
aortic pathology, such as contrast-enhanced X-ray computed
tomography (CT), magnetic resonance imaging, and transesopha-
geal echocardiography (TEE), has made possible the antemortem
diagnosis of IMH. Crescentic or circular aortic wall thickening
without an intimal ﬂap or tear is a hallmark for the diagnosis of
IMH (Fig. 1). However, several characteristic ﬁndings need to be re-
emphasized.
Crescentic aortic wall thickening on CT suggesting the
development of IMH usually appears as high attenuation area
prior to contrast injection, which is not enhanced after the
injection of contrast medium (Fig. 2A and B). This ﬁnding appears
to represent the accumulation of blood or bleeding into the aorticnuation’ in aortic intramural hematoma before contrast injection. On pre-contrast CT
toma. These areas did not show any contrast enhancement after injection of contrast
efore contrast injection is helpful for the differential diagnosis of eccentric aortic wall
, not in a patient with dilated aorta and crescentic mural thrombus (G and H).
[(Fig._3)TD$FIG]
Fig. 3. Representative pre-contrast computed tomography of the patient showing the non-speciﬁc nature of ‘high attenuation’ areas. In this patient with Behcet’s aortitis, a
circular high attenuation area was present in the descending thoracic aorta (A). A histologic specimen of the dilated aortic aneurysmwith thickened wall (B) showingmarked
inﬁltration of inﬂammatory cells (C).
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short-term follow-up (Fig. 2C and D). Thus, high attenuation areas
without an intimal ﬂap before contrast injection can be considered
an important diagnostic criterion of IMH, especially for the
differential diagnosis of abnormal non-enhanced aortic wall
thickening on contrast CT. Similarly, a mural thrombus in dilated
aorta appears as a crescentic aortic wall thickening without
enhancement on contrast CT, but it does not show ‘high
attenuation’ on pre-contrast CT, a ﬁnding helpful for differential
diagnosis (E–H in Fig. 2). However, clinical context is also
important in interpreting these results, as active aortitis can show
a similar ‘high attenuation area’, suggesting the non-speciﬁc
nature of ‘high attenuation’ on pre-contrast CT (Fig. 3). Thus,
applying this characteristic ﬁnding to the diagnosis of IMH should
be limited to patients with acute aortic syndrome.
TEE is superior to any other imagingmodality, as it allows direct
observation of the aortic intima, and demonstration of ﬂow
communication is feasible with the Doppler technique. One
characteristic TEE ﬁnding of IMH is the presence of ‘‘echo-free
space or echo-lucent area’’ within the thickened aortic wall. In
[(Fig._4)TD$FIG]Fig. 4. Representative transesophageal echocardiography images showing various pat
Conventional color ﬂow Doppler mapping before (D) and after (E and F) contrast inje
echo-free space.most patients with IMH, conventional color Doppler ﬂowmapping
even with contrast injection fails to demonstrate any ﬂow
communication from the aortic lumen to the thickened aortic
wall (Fig. 4).
How does blood accumulate within the aortic wall in IMH? Rupture of
vasa vasorum or micro-intimal tear
As the pathological evaluation of IMH shows no demonstrable
intimal tear, with no ﬂow communication between the true lumen
and the hematoma within the aortic wall, rupture of the vasa
vasorum has been proposed as the main pathogenetic mechanism
of IMH development, a ﬁnding supported by CT and TEE results [6].
However, wide clinical application of imaging modalities and
cumulative clinical experience have provided evidence suggesting
that the possibility of an intimal tear cannot be completely
excluded in patients with IMH [7]. CT and TEE ﬁndings are well
established for the diagnosis of IMH; thus, both of these imaging
modalities are not necessarily or routinely performed in most
clinical circumstances. CT is the preferred diagnostic test due to itsterns of echo-free space or echo-lucent areas in the thickened hematoma (A–C).
ction failed to demonstrate any ﬂow communication from the true lumen to this
[(Fig._5)TD$FIG]
Fig. 5. Representative transesophageal echocardiography (TEE) of the patient demonstrating a ‘micro-intimal tear’. Initial computed tomography (CT) showed markedly
thickened hematomawithout contrast enhancement (C). However, TEE showed ﬂow communication from the true lumen to the thickened hematoma through a small intimal
tear (A and B). Follow-up CT showed marked contrast enhancement (*), suggesting ﬂow communication from the true lumen (D). Ao, aorta; LV, left ventricle; RV, right
ventricle; TL, true lumen.
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setting of acute aortic syndrome. However, in rare cases, TEE
evaluation of the aortic intima may provide evidence of ‘micro-
tear’ or ‘a small intimal tear’ not visible on contrast CT (Fig. 5) [7].
Moreover, traumatic aortic injury caused by a diagnostic or
therapeutic vascular catheter can result in a similar crescentic
aortic wall thickeningmimicking typical IMH (Fig. 6) [8–10]. These
ﬁndings suggest that a ‘micro-intimal tear’, rather than rupture of
the vasa vasorum, is the initiating event for IMH development,
with the tear not large enough to be visualized or detected by
routine CT or conventional TEE [1].
One recent clinical study reported that, during surgery, an
intimal tear could be localized in 47% (77/165) of patients with
typical CT images suggesting IMH [11]. The prevalence of an
intimal tear was signiﬁcantly lower in patients with IMH than in
typical AD patients (47% vs. 80%, p < 0.01), and the mean tear size
was signiﬁcantly smaller in the IMH group (1.8  1.0 cm vs.
2.9  1.2 cm, p < 0.01). These ﬁndings suggest that, similar to classic
AD, IMH develops from an intimal tear and, with negligible re-entry
into the true lumen, results in a thrombosed false lumen. Thus, IMH
should be referred to as ‘thrombosed-type AD’, with the same
treatment strategy applied to both patients with IMH and those with
AD. Recent advances in CT techniques, resulting in higher resolution
aortic images, have allowed the detection of an aortic ‘intimal defect’
in patientswith otherwise typical IMH. Intimal defects detected by CT
show a wide clinical spectrum, from focal contrast enhancement
within a thick hematoma or adjacent to the intima to a relatively large
ulcer-like projection (Fig. 7) [12,13]. Although prognosis wasworse in
patients with than without these intimal defects on CT, with theformer showing a higher frequency of progression to classic AD or
development of an aortic aneurysm, hematoma resorption was the
most common pattern of remodeling, even in patients with intimal
defects, indicating that these patients do not require urgent
intervention. Moreover, no study to date has shown correlations
between aortic intimal defects on CT images and operative ﬁndings.
Therefore, the true prevalence of intimal tear in patients with IMH
cannot be estimated using CT images. In addition to an intimal tear, an
aortic branch artery pseudoaneurysm or a simple penetrating ulcer
can yield similar images on CT [14], reinforcing suggestions that
imaging results be interpreted cautiously. Despite these limitations,
cumulative clinical experience has provided important evidence
indicating that patients with IMHmay have a micro-intimal tear that
cannot be easily detected by CT or TEE in routine clinical practice.
Thus, IMH can be considered as an ‘AD with a closed and thrombosed
false lumen’ [15,16].
Differences in the hemodynamic status of the false lumen may
result in the differentiation of classic AD and IMH, and can explain
better the long-term outcomes in patients with retrograde type A
AD. In about one-fourth of these patients with type A AD, an
intimal tear is present in the upper part of the descending aorta and
there is retrograde extension of the dissection into the ascending
aorta [17]. Imaging ﬁndings characteristic of this condition include
an IMH-like crescentic aortic wall thickening in the ascending
aorta and a ‘double channel aorta’ in the descending aorta (Fig. 8).
Thus, the ascending aorta in this condition is a typical example of a
thrombosed false lumen, and medical treatment alone resulted in
complete resorption of the thrombosed false lumen, with a better
survival rate than that in patients with typical type A antegrade AD
[(Fig._6)TD$FIG]
Fig. 6. Representative diagnostic coronary angiography images of the patient showing crescentic aortic wall thickening mimicking intramural hematoma (IMH) after
traumatic aortic intimal injury. Immediately after the injury, marked enhancement of the contrast media on the aortic wall (A–D) was observed. Follow-up computed
tomography showed IMH-like crescentic aortic wall thickening (E and F), which resolved completely with medical treatment (G and H).
[(Fig._7)TD$FIG]
Fig. 7. Representative computed tomography and transesophageal echocardiography images of various patterns of intimal defects in patients with intramural hematoma
(IMH). Focal contrast enhancement may be observed within the hematoma (left panel) or adjacent to the intima (middle panel). A large ulcer-like projection was another
example of intimal defect associated with IMH (right panel).
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[(Fig._8)TD$FIG]
Fig. 8. Representative images of a patient with retrograde type A aortic dissection. Transesophageal echocardiography showed intramural hematoma-like aortic wall
thickening in the ascending aorta (A) with a large intimal tear at the upper part of the descending aorta (B). Initial computed tomography (CT) showed crescentic aortic wall
thickening in the ascending aorta (C, arrow) with a typical double channel aorta at the descending thoracic aorta (D). CT following medical treatment showed complete
resorption of the thrombosed false lumen at the ascending aorta (E) and increased double channel aorta at the descending aorta (F). Ao, aorta; FL, false lumen; TL, true lumen.
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with a broad spectrum of intimal tears can explain not only
imaging results but also clinical outcomes in patients with acute
aortic syndrome.
Different clinical features and outcomes: AD vs. IMH
Early investigators regarded IMH as a precursor of typical AD,
with a high rate of progression to classic AD [6]. However, the
natural history of IMH has clearly shown that, in contrast to classic
AD, many patients with IMH showed complete resorption of the
hematoma, with a relatively small proportion of patients showing
progression to classic AD (Fig. 9). This trend was conﬁrmed not
only in patients with distal aortic pathology but also in those with
IMH involving the proximal ascending aorta [18–21]. As emergen-
cy surgical intervention did not provide any survival beneﬁt for
Asian patients with type A IMH, aggressive medical treatment,
with surgery performed on patients with complications, including
progression to AD, has been proposed [19,20]. Thus, the optimal
treatment option for patients with type A IMH remains unclear
[22,23]. Interestingly, marked geographic differences between
Asian and European and North American patients have been
observed including in diagnostic frequency, choice of initial
treatment option, and outcomes (Table 1) [24–26]. A recent report
based onmulti-center registry data showed a low incidence of type
A IMH (3.5%) with a mortality rate similar to that in patients with
classic AD [26]. Although Asian studies have included relatively
few patients, treated at individual hospitals or small collections of
hospitals, and the International Registry of Acute Aortic Dissection
of 30 aortic referral centers in 10 countries (mostly in Europe and
North America) has yielded a broad overview, the small number of
patients with type A IMH in that report may reﬂect a referral orascertainment bias. The incidence of IMH appears to be
signiﬁcantly higher in Asian than in European and North American
countries, with IMH occurring in one-fourth to one-third of
patients with type A acute aortic syndrome and almost half of
those with type B acute aortic syndrome in Korea and Japan. Since
clinical experience affects clinical outcomes and better outcomes
of emergency conditions such as acute aortic syndrome are
generally associated with early diagnosis and prompt initiation of
appropriate treatment, the strategy of initial medical management
and timed operation in patients with complications proposed by
Asian investigators, who have more clinical experience, should be
re-addressed, rather than unfairly discarded [27].
Despite the marked discrepancies between Asian and Europe-
an/North American investigators regarding appropriate treatment
options, the clinical characteristics of patients with IMH are similar
without geographic difference. Compared with patients with
classic AD, thosewith IMHare characterized by signiﬁcantly higher
mean age (up to one decade difference), no association with
genetic disorders such as Marfan syndrome, higher prevalence of
pericardial or pleural effusion, and lower prevalence of aortic
regurgitation ormalperfusion of distal organs. Thus, IMH is neither
merely a precursor of classic AD, nor does it have the same
outcomes as classic AD. Rather, IMH has unique clinical
characteristics and a different natural history, with a more
favorable prognosis, than classic AD. As no randomized clinical
trial providing detailed baseline characteristics and descriptions of
the procedure as well as a careful and systematic follow-up has
been attempted to date, and is not likely in the near future, optimal
treatment options cannot be determined. However, besides the
initial clinical conditions at the time of presentation, several
studies have conﬁrmed the prognostic role of initial imaging data
[13,16,24,25,28]. These studies have reported that ulcer-like
[(Fig._9)TD$FIG]
Fig. 9. Computed tomography images showing complete resorption of a proximal hematoma (upper panel) and the development of typical aortic dissection during medical
treatment (lower panel).
Reproduced from Ref. [7] with permission.
Table 1
Diagnostic frequency and clinical outcomes of patients with type A IMH evaluated in western and eastern countries and in the International Registry of Acute Aortic
Dissection (IRAD).
Westerna Easternb IRADc p value
Diagnostic frequency relative to classic AD, n (%) 236/2168 (10.9) 167/655 (25.5) 64/1808 (3.5) <0.0001
Early medical treatment, n (%) 78/160 (48.8) 135/167 (80.8) 10/64 (15.6) <0.0001
Overall hospital mortality, n (%) 36/160 (20.6) 11/167 (6.6) 17/64 (26.6) <0.0001
Early medical hospital mortality, n (%) 26/78 (33.3) 8/135 (5.9) 4/10 (40) <0.0001
Early surgical hospital mortality, n (%) 7/82 (8.5) 3/32 (9.4) 13/64 (24.1) <0.0001
AD, aortic dissection; IMH, intramural hematoma.
a Pooled data from 10 clinical reports from North America and Europe [22].
b Pooled data from two institutions (Asan Medical Center, Korea and Kobe City Medical Center General Hospital, Japan) [23,24].
c International Registry of Acute Aortic Dissection registry data of 30 aortic referral centers in 10 countries [25].
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hematoma, thick hematoma, and a large aortic dimension are high-
risk imaging ﬁndings. Thus, risk stratiﬁcation based on imaging
results and close monitoring of high-risk patients with serial
follow-up imaging would be the best practical choice at this time.
Incomplete dissection
Non-invasive imaging modalities, such as CT and TEE, have
contributed to the establishment of acute aortic syndrome as a
new clinical syndrome, by providing excellent imaging data
showing variant forms of classic AD such as IMH. Intimal tearscan have a wide spectrum. For example, a stellate or linear intimal
tear can involve the exposure of the underlying aortic media or
adventitial layers but without the progression and separation of
the medial layers, resulting in extensive undermining of the
intimal layers. This incomplete dissection, characterized by an
intimal tear without an intimal ﬂap or hematoma, was reported to
be present in 9 of 181 (5%) consecutive patients with ascending or
aortic arch repairs [29]. Currently available CT or TEE cannot
identify this type of localized intimal tear, with the only imaging
characteristic reported to be a localized eccentric bulging or
aneurysm (Fig. 10). This feature is too subtle to diagnose accurately
using conventional imaging modalities, suggesting that surgical
[(Fig._10)TD$FIG]
Fig. 10. Representative pathologic specimen (A, courtesy of Dr. Vilacosta), diagram (B), and computed tomography (CT) images of incomplete dissection. Limited intimal tear
usually results in an eccentric bulge, which can be visualized by CT. Initial CT of this patient, who visited our emergency department due to severe aortic pain, showed
localized bulging with no evidence of AD or intramural hematoma (middle panel). CT following medical treatment showed progression of the aneurysmal bulging with
development of hemopericardium (right panel).
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root dilatation who show unexplained aortic regurgitation or
pericardial effusion [29]. Further investigations are necessary to
evaluate the clinical signiﬁcance and outcomes of patients with
incomplete dissection.
Conclusion
Non-invasive imaging modalities such as CT and TEE have
contributed to a better understanding of acute aortic syndrome,
resulting in the inclusion of IMH and atypical dissection as new
disease entities. Differences in imaging ﬁndings may be due to
differences in the hemodynamic status of the false lumen, resulting
from thewide spectrumof intimal tears, from a localized or ‘micro-
intimal tear’ to a large tear with ﬂow communication resulting in a
‘double channel aorta.’ Further investigation is required to
determine whether the application of different treatment options
following risk stratiﬁcation based on imaging results is rational
and can improve the clinical outcomes of patients with this
syndrome.
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